Abstract: This study was conducted to evaluate the use of moderate to high levels of DDGS in broiler diets and to evaluate the effects of rapid and multiple changes in level of DDGS during the growth period. Diets were formulated to contain 0, 15, or 30% DDGS with diets formulated on the basis of digestible amino acids to meet levels typical of the U.S. broiler industry. Groups of birds were fed diets with these three levels of DDGS on a constant basis from 0 to 42 d of age. Other groups were fed 0 and 15% or 0 and 30% DDGS on alternate week basis, with one group starting with diets containing no DDGS and other groups starting with diets containing 15 or 30% DDGS. Four pens of 25 male broilers were fed each of the dietary treatments. At the conclusion of the study five representative birds per treatment were processed to determine dressing percentage and carcass yield. Birds fed diets containing 15% did not differ significantly in live performance or carcass characteristics from birds fed diets with no DDGS, whether fed on a continuous basis or alternated weekly between 0 and 15% DDGS. Birds that were continuously fed diets with 30% DDGS had significantly reduced body weight and feed intake at 35 and 42 d compared to birds fed the control diet with no DDGS and had reduced breast meat yield. When birds were fed diets with 0 or 30% DDGS alternating on a weekly basis live performance was approximately midway between that of birds fed diets with 0 or 30% continuously and similar to that of birds fed 15% DDGS on a constant basis, but breast meat yield tended to be reduced. The results of the study demonstrated the effective use of diets with 15% DDGS when formulated on a digestible amino acid basis and showed that abrupt removal of this level of DDGS did not adversely affect performance of broilers. Further studies are suggested to quantify reasons for reduced performance when fed diets containing 30% DDGS.
Introduction
The principle reason for broiler producers to select dietary ingredients is economy, because feed represents approximately 70% of the live production cost. In feed formulation, nutritionists consider a wide range of ingredients and attempt to develop feed formulas that provide the desired level of nutrients at
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minimum cost. In formulating diets the nutritionist must
Diet formulation: Diets were formulated to meet consider not only cost and nutrient content of the nutritional standards typical of the U.S. poultry industry ingredient, but also the quantity available for use and (Agri-Stats, Fort Wayne IN) to contain 0, 15, or 30% consistency of supply. An ingredient that has received DDGS. Diets were formulated on a digestible amino considerable attention recently is distillers dried grains acid basis, utilizing 90% of current industry total amino plus solubles (DDGS). DDGS, a byproduct from acid levels in relation to dietary energy. Metabolizable beverage alcohol production and more recently from energy and crude protein values typical of the U.S. production of fuel alcohol, is an acceptable feed industry were specified. Amino acid minimums were ingredient for poultry diets (Couch et al., 1970; expressed for digestible Lys, TSAA and Thr as these are 1978 , 1981 Potter, 1966; Runnels, 1966 Runnels, , 1968 Scott, commercially available in supplemental form. No other 1965 No other , 1970 Waldroup et al., 1981; Parsons and Baker, amino acid minimums were specified in formulation. 1983; Lumpkins et al., 2004; Wang et al., 2007a Wang et al., , 2007b .
Because of the reported variation in sodium content of With the expansion of ethanol plants, the supply o f DDGS (Spiehs et al., 2002; Batal and Dale, 2003 ; DDGS is increasing rapidly and poultry nutritionists are Parsons et al., 2006) a minimum level of 4.0 g/kg of making increasing use of it in their diets. One of the sodium chloride was specified in addition to a minimum concerns about using relatively high levels of this sodium content of 0.25% for all diets. Requirements for product is the possible effects on performance that calcium and available phosphorus were similar t o might occur if the supply was erratic or price differentials industry average values.
eliminated it from a diet after previously been fed at high levels. Therefore, this study was conducted to evaluate the possible effects of rapidly changing back and forth from diets with no DDGS to diets with medium or high levels of DDGS. Total and digestible amino acid values for corn and soybean meal were based on values suggested by a leading amino acid producer (Ajinomoto Heartland Lysine, Chicago IL) adjusted to the moisture and crude protein content of the products used in the formulation of the diets. Nutrient values used for DDGS are shown in Table 1 and were a composite of reported values (Waldroup et al., 2007) . A blended animal protein was added to all diets at 5%, a level typical of animal protein usage in the U.S. poultry industry. Diets were maintained isocaloric and isonitrogenous. All diets were fortified with complete vitamin and trace mineral mixes. Composition of the diets is shown in Table 2 while the calculated analysis of diets is shown in Table 3 . Starter diets were crumbled, while grower and finisher diets were pelleted. Using the diets with three different levels of DDGS, eight dietary treatments were compared. These included 1) feeding no DDGS for the entire period; 2) feeding 15% DDGS for the entire period; 3) feeding 30% DDGS for the entire period; 4) alternating between 0 and 15% DDGS beginning with 0% DDGS; 5) alternating between 0 and 15% DDGS beginning with 15% DDGS; 6) alternating between 0 and 30% DDGS beginning with 0%; and 7) alternating between 0 and 30% DDGS beginning with 30%. Each of the dietary treatments was fed to four replicate pens of 25 birds each. (FASS, 1999) .
Measurements:
The DDGS sample was analyzed for crude protein, fat, fiber, ash, Ca, total P, Na and total amino acid content by commercial laboratories specializing in these assays and was subjected t o Immobilized Digestibility Enzyme Assay (IDEA ) ™ analysis to estimate amino acid digestibility. All mixed 4 diets were analyzed for crude protein, Ca, total P, Na and total amino acids by the same commercial laboratories that analyzed the DDGS sample and were found to be in good agreement with calculated values. Bulk density (mass per unit of volume) of mixed feeds was determined by weighing a predetermined volume o f feed. Body weights by pen and feed consumption during intervals were determined at 14, 35 and 42 d of age. Birds that died were weighted to adjust feed conversion. At the end of the study five representative birds per pen were processed for dressing percentage and parts yield as described by Fritts and Waldroup (2006) .
Statistical analyses:
All the data were subject to oneway ANOVA analysis (SAS institute, 1991). Significant differences among means were separated using Duncan's multiple-range test option of the general linear model procedure. Pen means of growth performance were used as an experimental unit, while each bird as an experimental unit for processing variables as the birds were processed in random order. Mortality data were transformed to for analysis; data are shown as natural numbers. All statements of significance were based on p < 0.05. 
Results and Discussion
Increasing the level of DDGS in the diet resulted in a reduction in weight:volume ratio (Table 4) . As all diets in the present study were formulated to be isocaloric, this reduction was associated with a lower energy:volume ratio as defined by Mraz et al. (1957) . Similar effects of bulk density on performance have been observed by Shelton et al. (2005) . Although pellet quality was not quantitatively assessed the visual pellet quality decreased as the level of DDGS increased. Diets with 15% DDGS pelleted reasonably well and were similar to that of the control diet with no DDGS; however, diets with birds fed diets with no DDGS and were numerically 30% DDGS pelleted extremely poorly and had numerous lighter at 14 d. When birds were fed diets with 0 or 30% fines even though a pellet binder was added to the diets. DDGS on alternate weeks during the study, their body Due to the fermentation of the corn starch by selected weight at 14 d did not differ significantly from that of birds yeasts and enzymes to produce ethanol, DDGS is not fed diets with no DDGS while at 35 and 42 d their body well gelatinized. Pelleting increases the bulk density of weights were somewhat intermediate between that of feed ingredients and improves flowability as compared birds fed no DDGS and those fed 30% DDGS on a to m ash feed (Briggs, 1999) . This increase in bulk constant basis and did not differ significantly from that of density as DDGS levels increased was consistent with birds fed 15% DDGS on a constant basis. At 35 d both our previous experiments (Wang et al., 2007a (Wang et al., , 2007b . groups fed 0 and 30% DDGS on an alternate basis The positive relationship between pellet quality and differed significantly from those fed the control diets with performance of broilers has been noted by many no DDGS while at 42 d those birds that were started on authors (Kilburn and Edwards, 2001; 30% DDGS and alternatively fed diets with no DDGS did McKinney and Teeter, 2004) . not differ significantly from birds fed the control diet. The effects of constant or varying levels of DDGS on live Feed intake of birds fed 0 or 30% on an alternate basis performance is shown in Table 5 . When fed on a did not differ significantly from that of birds fed 0 or 15% constant basis, there were no significant differences in DDGS on a constant basis. Although numerical body weight, feed intake, or feed conversion between differences were observed among the various birds fed diets with no DDGS and those fed diets with treatments there were no significant differences, 15% D DGS. In addition, there were no significant indicating that one of the major problems with the high differences in these parameters when birds were fed 0 level of DDGS was associated with reduction in feed or 15% DDGS on alternate weeks during the study, as intake. There were no significant effects of dietary compared to those fed diets with no DDGS or fed diets treatments on mortality (data not shown). with 15% DDGS on a constant basis. Birds fed a
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The effects of constant or varying levels of DDGS on constant level of 30% DDGS had significantly lower body dressing percentage and parts yield of broilers is shown weight and less feed intake at 35 and 42 days than did in Table 6 . There were no significant differences in dressing percentage or leg quarter yield of broilers Lumpkins et al. (2004) stated that DDGS from modern related to dietary treatments. Breast meat yield was ethanol plants could be safely used at 6% in the starter significantly affected by dietary treatment, whether period and 12 to 15% in the grower and finisher periods. expressed as a percentage of live weight or a s Dale and Batal (2003) do not indicate whether diets percentage of dressed carcass weight. There were no were formulated on total or digestible amino acid basis significant differences in breast weight, either a s while Lumpkins et al. (2004) indicated that diets were percentage of live weight or dressed weight, between formulated on total amino acid basis. Wang et al. birds fed diets with no DDGS, 15% DDGS on a constant (2007b) concluded that DDGS could be included i n basis, or birds fed diets with 0 or 15% DDGS on an broiler diets at levels of 15% when formulated on a alternate weekly basis. Breast meat yield was digestible amino acid basis. It has been noted that significantly reduced on either as percentage of live digestibility of several amino acids in DDGS is relatively weight or dressed carcass weight when birds were fed poor, especially Lys and Thr (Batal and Dale, 2006 ; diets with 30% DDGS on a constant basis. Breast meat Fiene et al., 2006; Parsons et al., 2006; Fastinger et al. , yield as a percentage of live weight of birds fed diets 2006; Waldroup et al., 2007) . Failure to compensate for alternating between 0 and 30% DDGS was numerically this reduced amino acid digestibility in formulating diets reduced, with a significant difference in breast meat yield may inhibit the usage of high levels of DDGS in broiler between birds fed diets with no DDGS and those fed diets. diets with 0 or 30% DDGS on an alternate basis ending
In evaluating the formulas used in the current study with 30% DDGS. Birds that were fed alternatively diets (Table 2) it is likely that some amino acids other than with 0 or 30% DDGS and which received the diet with 0% those specified in the formulation of the diets may have DDGS during the final week did not differ significantly in become marginal or limiting in diets with 30% DDGS. breast yield from those consistently fed the diet with no While it is difficult to make direct comparison to NRC DDGS. When breast meat yield was expressed as a (1994) recommendations due to differences in dietary percentage of dressed weight, however, breast meat energy levels and time of feeding, it is possible that yield of birds fed 0 and 30% on an alternate basis was tryptophan, isoleucine and arginine may be marginal or significantly lower than that of birds fed the diet with no deficient in diets with 30% DDGS. The marginal level of DDGS regardless of the level fed during the final week.
isoleucine may be exacerbated by the increasing levels The adverse effects of 30% DDGS on breast meat yield of leucine in the diet (Waldroup et al., 2002) , while the was consistent with the observations from a previous marginal level of tryptophan may be exacerbated by study in our laboratory (Wang et al., 2007b) . Wing yield increasing levels of the large neutral amino acids Ile, as a percentage of live weight was not significantly Leu, Val, Phe and Tyr (Si et al., 2004) . As greater affected by dietary treatment, but when expressed as a amounts of DDGS become available and supplies of percentage of carcass weight it tended to be higher as corn diminish, the poultry industry may be forced to use a percentage of carcass weight when breast meat yield higher levels of DDGS. Further research is needed to was adversely affected.
evaluate the use of other synthetic amino acids or higher The results of the present study indicate that diets with crude protein levels in diets with high levels of DDGS. 15% DDGS, formulated on a digestible amino acid Few studies in the literature appear to address the basis, can be effectively used in broiler diets providing problems arising from abrupt changes in feed the DDGS is equivalent in nutrient value to the composition. Much of the research related to alterations standardized nutrient matrix and the diets are formulated in feed intake and resultant changes in dietary energy on a digestible amino acid basis. Feeding diets with have been conducted with egg-type strains (Gleaves 30% DDGS consistently during the growth period Cherry et al., 1983 Cherry et al., , 1984 or with older meatresult in adverse performance, probably related to the type strains (Mraz et al., 1956 , 1957 : Wolf et al., 1969 ; poor pellet quality resulting from such diets. These Carew et al., 1963) . The modern broiler has been results are in agreement with Waldroup et al. (1981) genetically selected for rapid gains and increased body who reported that when DDGS from beverage alcohol weight, factors that are positively associated with production was included into broiler diets with the ME appetite and feed intake (Kondra and Hodgson, 1961 ; content held constant, up to 25% DDGS could be Siegel and Wisman, 1966; Marks, 1979 Marks, , 1980 ; Sibbald used without reduction in body weight or feed utilization.
and Slinger, 1963; Siegel et al., 1984) . Skinner et al. When included in diets in which the energy content was (1993) reported that abrupt and multiple changes in allowed to decline as the level of DDGS was increased, dietary nutrient density (low energy versus high energy) there was a decline in performance at DDGS levels of did not adversely affect live weight or caloric utilization of 15% or more.
broiler chickens grown to 49 d of age. In this cited study, In contrast, Dale and Batal (2003) suggested a birds were fed diets with high or low nutrient density on maximum level of 6% DDGS from ethanol production in a constant basis or changed between high and low starter diets and 12% in grower-finisher diets, while nutrient densities on a weekly basis.
Results of the present study confirm previous Fiene, S.P., T.W. York and C. Shasteen, 2006. research from our laboratory that diets containing 15% DDGS, when formulated on a digestible amino acid basis, can be fed to broilers continuously with no loss in live performance or carcass composition. It also demonstrates that abrupt changes in diets containing 15% DDGS do not appear to inhibit performance. At the present time, it appears that inclusion of 30% DDGS will reduce overall performance and adversely affect breast meat yield. This may be due in part to a deficiency of some amino acids that are not typically accounted for in formulation and in part to reduced pellet quality associated with this level of DDGS. Further studies are proposed to evaluate these conditions. 1 a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the University of Arkansas and does not imply its approval to the exclusion of other products that may be suitable. This research was supported in part by the Novus International-Walton Foundation Endowed Professorship To whom correspondence should be addressed: Waldroup@uark.edu.
